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RESULTS  OF  IGNITABILITY  TEST  FOR  JANAF 
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THE  LOCKED-STROKE  COMPRESSOR  (U) 

By 

JOHN  D.  FERGUSON 


Approved' by:  EVAN  C.  NOONAN,  Chief 

Physical  Chemistry  Division 


ABSTRACT:  In  accordance  with  the  request  of  the  Ad  Hoc 
Committee  on  Ignltablllty  the  Ignition  energy  of  each  of  five 
propellants  (TRX-155-D,  QQd-112,  ANP-2659-AF,  N-5  and  PPC-127A) 
has  been  determined  using  the  locked-stroke  compressor  (1,2,3), 
The  relative  Ignltablllty  of  each  propellant  has  been  calculated 
with  respect  to  TRX-135-D,  Results  using  other  test  methods  are 
also  reported  for  comparison. 
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This  report  provides  Ignition  data  on  propellants  selected  for 
comparison  by  various  test  methods.  The  locked-stroke  compressor 
used  to  obtain  the  data  was  designed  as  a  research  tool.  It  Is 
not  recommended  as  a  test  Instrument.  Absolute  values  of 
Ignition  energy  may  be  considerably  In  error  due  to  the  as¬ 
sumptions  necessary  In  the  heat  transfer  calculations.  Compara¬ 
tive  values  between  propellants  are  believed  much  more  reliable. 
This  research  was  conducted  under  Task  NO  506-925/56015/01040, 
"Guided  Missile  Rocket  Motor  Ignition  Systems,  Supporting 
Research" . 


W.  D.  COLEMAN 
Captain,  USN 


Commander 
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RESULTS  OF  IGNITABILITY  TEST  FOR  JANAF 
AD  HOC  IGNITABILITY  PANEL  USING 
THE  LOCKED-STROKE  COMPRESSOR  (U) 


I.  INTRODUCTION 

In  conjunction  with  the  SPIA  Ad  Hoc  Committee  on  Ignlta- 
blllty  (5# 6,7)#  a  round  robin  Ignltablllty  test  program  Is  being 
conducted.  The  main  purpose  of  this  program  Is  to  select  a 
standard  test  for  determining  the  Ignltablllty  of  solid  propel¬ 
lants.  In  order  to  compare  existing  Ignltablllty  test  systems 
the  Ignltablllty  of  each  of  four  propellants  Is  being  determined 
by  each  system. 

The  primary  purpose  of  this  report  Is  to  publish  the  results 
obtained  using  the  locked  stroke  compressor  (2,5)  and  to  compare 
these  results  with  those  using  other  test  methods. 

II.  APPARATUS  AND  INSTRUMENTATION 

The  locked -stroke  compressor  and  Instrumentation  are 
discussed  In  NavOrd  Reports  2840  and  5818  (2,5).  Only  a  brief 
description  will  be  given  here. 

The  unit  Is  designed  to  compress  a  gas  so  rapidly  that  Its 
temperature  and  pressure  rise  almost  adlabatlcally .  The  final 
80^  of  the  pressure  rise  occurs  In  2  to  5  milliseconds  and  the 
compression  piston  Is  locked  Into  position  at  the  peak  of  Its 
stroke.  A  schematic  of  the  compressor  Is  given  In  Figure  1. 

III.  EXPERIMENTAL  PROCEDURE  AND  RESULTS 

A.  Experimental  Procedure 

1.  Preparation  of  Sample 

The  samples  which  were  tested  In  the  compressor 
were  cut  from  a  one  Inch  (2.5  cm)  thick  piece  of  pro¬ 
pellant  as  shown  In  Figure  2a.  This  one  Inch  thick 
piece  of  propellant  was  obtained  two  Inches  (5.1  cm) 
below  one  end  of  the  bulk  sample.  Figure  2b.  The 
tested  samples  were  .19  Inches  (.48  cm)  In  diameter 
and  1.0  Inch  (2.5  cm)  long.  The  samples  were 
Inhibited  by  putting  modelling  clay  on  .25  Inches 
(0.64  cm)  of  each  end  so  as  to  leave  .50  Inches  (1.5  cm) 
of  sample  exposed  In  the  center.  Figure  2c. 
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2,  Testing  of  Sample 

A  complete  description  of  the  testing  procedure 
is  given  In  NavOrds  2621  and  2840  (l,2). 

5.  Propellant  Formulations 

Propellant  compositions  are  given  In  Table  I, 

B.  Discussion  of  Results 

The  results  obtained  using  the  locked-stroke  compressor 
are  presented  In  Table  II.  The  propellants  under  study  are 
listed  In  order  of  Increasing  difficulty  to  ignite: 

TRX-155-D 

QQd-112 

ANP-2639-AF 

N-5 

PPC-127A 

The  relative  Ignltablllty  of  each  propellant  Is  calcu¬ 
lated  In  comparison  with  TRX-155-D  by  dividing  Its  Ignltablllty 
by  that  of  TRX-155-D  and  multiplying  by  100.  These  relative 
Ignltabllltles  are  listed  In  Table  III  for  each  test  method  (7). 
The  data  from  all  test  methods,  except  the  Olln  Mathleson 
Laboratory  and  the  Naval  Ordnance  Laboratory,  show  that  Ignlta¬ 
blllty  becomes  more  difficult  in  the  following  order: 

TRX-I55-D 

N-5 

ANP-2659-AF 

PPC-127A 

Results  on  QQd-112  were  reported  only  by  the  Naval  Ordnance 
Laboratory,  therefore  It  Is  excluded  from  this  comparison. 
Although  these  methods  agree  as  to  the  relative  order  of  propel¬ 
lant  Ignltablllty  there  Is  little  agreement  as  to  how  much  easier 
TRX-155-D  Is  to  Ignite  than  any  of  the  other  tested  propellants. 

IV.  SUMMARY 

The  locked-stroke  compressor  shows  ease  of  Ignition  to 
decrease  In  the  order: 


TRX-I55-D 

QQd-112 

ANP-2659-AF 


N-5 

PPC-127A 
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A  comparison  of  the  results  of  other  test  methods  shows  ease  of 
ignition  to  decrease  in  the  order: 

TRX-135-D 

N-5 

ANP-2639-AP 

PPC-127A 

The  results  obtained  by  the  Olln  Mathleson  Laboratory  agree  with 
the  results  obtained  by  the  Naval  Ordnance  Laboratory. 

The  results  of  these  tests  definitely  indicate  that  the 
energy  source  as  well  as  the  apparatus  must  be  defined  in  order 
to  characterize  Ignltablllty. 
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TABLE  I 

PROPELLANT  FORMULATIONS* 


ftQd-112 

Ammonium  perchlorate  .  .  .  . 

Petrln  acrylate  . 

Triethylene  glycol  dlnltrate 

Polyester  920  . 

EHM  (Proprietary  Item)  ,  .  . 

Aluminum  . 

Ethyl  centrallte  . 

N-3 

Nitrocellulose  (12.6^  N)  .  . 

Nitroglycerin  . 

Die thy Iphtha late  . 

2-Nltrodlphenylamlne  ,  .  .  . 

Lead  salicylate  . 

Lead  2-ethyl  hexoate  .  .  .  . 
Candelllla  wax  . 

TRX-135-D 

NH4CIO4  . 

LP-33  . 

Butyl  carbltol  formal  .  .  . 

Qulnone  dloxlme  . 

Diphenyl  guanidine  . 

MgO . 

Fe20^  ••••••••••• 

Sulfur  . 


Wt^ 

57.20 

15.10 

17.50 

0.25 

1.60 

8.15 

0.20 


50.0 

5^.9 

10.5 

2.0 

1.2 

1.2 

0.2 


74.00 

18.81 

2.09 

1.59 

0.70 

1.00 

2.00 

0.01 


ANP-2639-AF  (Approximate ) 

Polyurethane  binder  . 

NH4CIO4  . 

Aluminum  . 

Additives  . 

PPC-127A 

PBVP  (90^  butadiene,  10^  2-methyl-5  vlnylpyrldlne 

copolymer)  . 

NH4CIO4  . 

Carbon  black  . 

Butyl  carbltol  formal  . 

Flexamlne  . 

MgO . 

Malorl  blue  . 

Hl-Sll  233  . 


20.0 

60.0 

15.0 

5.0 


11.01 

81.05 

2.48 

2.20 

0.33 

0.49 

1.94 

0.50 


*Ref.  4  and  8 
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TABLE  II 

IGNITABILITY  AS  DETERMINED  BY  LOCKED  STROKE  COMPRESSOR 

cal 


Propellant 

Ignition  Ene 

TRX-135-D 

.205 

QQd-112 

.2^4 

ANP-2639 

.299 

N-5 

.^51 

PPC-127A 

>  .451 

(sis) 
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FIG.  1  LOCKED  STROKE  COMPRESSOR 
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A- LOCKING  PISTON 
B-  RELEASE  PINS 
C-  RESERVOIR 
DECOMPRESSING  PISTON 
E -  COMPRESSION  CHAMBER 
Fa F* CONNECTING  LINKS 
GaG*ARRESTlNG  PROJECTIONS 
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J  -  COMPRESSION  RATIO  ADJUSTMENT 
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L-  RUBBER  WASHER 


NAVORD  REPORT  6849 


CLAY  INHIBITOR 


CUTAWAY  VIEW  OF  PROPELLANT 
SAMPLE  USED  IN  TEST 


2  C 


(LOIN) 

SAMPLE  AS  RECEIVED  FROM  MANUFACTURE 

2B 


END  VIEW  OF  SECTION  A-A 
SHOWING  SAMPLING  POSITIONS 


e  A  SIDE  VIEW  OF  S*ECTIOW 

A-A 


FIG.  2  DIAGRAM  OF  SAMPLING  STEPS 
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